Fate of mountain glaciers in the anthropocene by Bengtsson, L et al.
Zurich Open Repository and
Archive
University of Zurich
Main Library
Strickhofstrasse 39
CH-8057 Zurich
www.zora.uzh.ch
Year: 2011
Fate of mountain glaciers in the anthropocene
Bengtsson, L; Breashears, D; Crutzen, P J; Fuzzi, S; Haeberli, W; Immerzeel, W W; Kaser, G; Kennel,
C; Kulkarni, A; Pachauri, R; Painter, T H; Rabassa, J; Ramanathan, V; Robock, A; Rubbia, C; Russell,
L; Sánchez Sorondo, M; Schellnhuber, H J; Sorooshian, S; Stocker, T F; Thompson, L G; Toon, O B;
Zaelke, D; Mittelstrass, J
Abstract: Unspecified
Posted at the Zurich Open Repository and Archive, University of Zurich
ZORA URL: http://doi.org/10.5167/uzh-50863
Published Version
Originally published at:
Bengtsson, L; Breashears, D; Crutzen, P J; Fuzzi, S; Haeberli, W; Immerzeel, W W; Kaser, G; Kennel,
C; Kulkarni, A; Pachauri, R; Painter, T H; Rabassa, J; Ramanathan, V; Robock, A; Rubbia, C; Russell,
L; Sánchez Sorondo, M; Schellnhuber, H J; Sorooshian, S; Stocker, T F; Thompson, L G; Toon, O B;
Zaelke, D; Mittelstrass, J (2011). Fate of mountain glaciers in the anthropocene. In: Workshop on Fate
of Mountain Glaciers in the Anthropocene, Vatican, 2 April 2011 - 4 April 2011.
)DWHRI 0RXQWDLQ*ODFLHUV
LQWKH$QWKURSRFHQH
$5HSRUWE\WKH:RUNLQJ*URXS&RPPLVVLRQHGE\WKH3RQWLÀFDO$FDGHP\RI 6FLHQFHV
0D\11
7KH ZRUNLQJ  JURXS FRQVLVWV RI   JODFLRORJLVWV FOLPDWH VFLHQWLVWV PHWHRURORJLVWV K\GURORJLVWV
SK\VLFLVWV FKHPLVWV PRXQWDLQHHUV DQG ODZ\HUV RUJDQL]HG E\ WKH 3RQWLÀFDO $FDGHP\ RI 
6FLHQFHVDWWKH9DWLFDQWRFRQWHPSODWHWKHREVHUYHGUHWUHDWRI WKHPRXQWDLQJODFLHUVLWVFDXVHV
DQG FRQVHTXHQFHV 7KLV UHSRUW UHVXOWHG IURP D ZRUNVKRS LQ $SULO  DW WKH 9DWLFDQ


&RXUWHV\RI *ODFLHU:RUNV


&RXUWHV\RI WKH5R\DO*HRJUDSKLFDO6RFLHW\
0DLQ5RQJEXN*ODFLHUVHHLQVLGHSDJH
0DLQ5RQJEXN*ODFLHU
/RFDWLRQ0RXQW(YHUHVWP7LEHW$XWRQRPRXV5HJLRQ
5DQJH0DKDODQJXU+LPDO(DVWHUQ+LPDOD\DV
&RRUGLQDWHV·µ1·µ(
(OHYDWLRQRI *ODFLHUP
$YHUDJH9HUWLFDO*ODFLHU/RVVP
&RYHU,PDJH
0RUWHUDWVFKJODFLHU$OSV&RXUWHV\RI -$OHDQ6ZLVV(GXF
'HFODUDWLRQE\WKH:RUNLQJ*URXS
:(&$//21$//3(23/($1'1$7,216WRUHFRJQLVHWKHVHULRXVDQGSRWHQWLDOO\LUUHYHUVLEOHLPSDFWVRI JOREDOZDUPLQJFDXVHG
E\ WKH DQWKURSRJHQLF HPLVVLRQV RI  JUHHQKRXVH JDVHV DQG RWKHU
SROOXWDQWVDQGE\FKDQJHVLQIRUHVWVZHWODQGVJUDVVODQGVDQGRWKHU
ODQGXVHV:HDSSHDOWRDOOQDWLRQVWRGHYHORSDQGLPSOHPHQWZLWKRXW
GHOD\HIIHFWLYHDQGIDLUSROLFLHVWRUHGXFHWKHFDXVHVDQGLPSDFWVRI 
FOLPDWHFKDQJHRQFRPPXQLWLHVDQGHFRV\VWHPVLQFOXGLQJPRXQWDLQ
JODFLHUVDQGWKHLUZDWHUVKHGVDZDUHWKDWZHDOOOLYHLQWKHVDPHKRPH
%\DFWLQJQRZLQWKHVSLULWRI FRPPRQEXWGLIIHUHQWLDWHGUHVSRQVLELOLW\
ZHDFFHSWRXUGXW\WRRQHDQRWKHUDQGWRWKHVWHZDUGVKLSRI DSODQHW
EOHVVHGZLWKWKHJLIWRI OLIH
:H DUH FRPPLWWHG WR HQVXULQJ WKDW DOO LQKDELWDQWV RI  WKLV SODQHW
UHFHLYHWKHLUGDLO\EUHDGIUHVKDLUWREUHDWKHDQGFOHDQZDWHUWRGULQN
DVZHDUHDZDUHWKDWLI ZHZDQWMXVWLFHDQGSHDFHZHPXVWSURWHFW
WKHKDELWDWWKDWVXVWDLQVXV7KHEHOLHYHUVDPRQJXVDVN*RGWRJUDQW
XVWKLVZLVK


3$*()DWHRI 0RXQWDLQ*ODFLHUVLQWKH$QWKURSRFHQH
,6XPPDU\
5HFHGLQJ*ODFLHUV5HTXLUH8UJHQW5HVSRQVHV
.\HWUDN *ODFLHU  3KRWRJUDSK\  &RXUWHV\ RI  *ODFLHU :RUNV
.\HWUDN*ODFLHU  /RFDWLRQ &KR2\X P 7LEHW$XWRQRPRXV 5HJLRQ (DVWHUQ
+LPDOD\DV(OHYDWLRQRI *ODFLHU²P&RXUWHV\RI 5R\DO*HRJUDSKLFDO6RFLHW\
$5HSRUWE\WKH:RUNLQJ*URXS&RPPLVVLRQHGE\WKH3RQWLÀFDO$FDGHP\RI 6FLHQFHV3$*(
$QWKURSRFHQH $JJUHVVLYH H[SORLWDWLRQ RI  IRVVLO IXHOV DQG RWKHU QDWXUDO
UHVRXUFHVKDVGDPDJHGWKHDLUZHEUHDWKHWKHZDWHUZHGULQNDQGWKHODQGZHLQKDELW
7RJLYHRQHH[DPSOHVRPHELOOLRQWRQVRI FDUERQGLR[LGHDQGRWKHUFOLPDWLFDOO\
LPSRUWDQW´JUHHQKRXVHµJDVHVKDYHEHHQSXPSHGLQWRWKHDWPRVSKHUH$VDUHVXOW
WKHFRQFHQWUDWLRQRI FDUERQGLR[LGHLQWKHDLUQRZH[FHHGVWKHKLJKHVWOHYHOVRI WKH
ODVW  \HDUV7KH FOLPDWLF DQG HFRORJLFDO LPSDFWV RI  WKLV KXPDQ LQWHUIHUHQFH
ZLWKWKH(DUWK6\VWHPDUHH[SHFWHGWRODVWIRUPDQ\PLOOHQQLDZDUUDQWLQJDQHZQDPH
7+($17+5232&(1(IRUWKHQHZ´PDQPDGHµJHRORJLFHSRFKZHDUHOLYLQJLQ
*ODFLHU5HWUHDW*ODFLHUVDUHVKULQNLQJLQDUHDZRUOGZLGHZLWKWKHKLJKHVWUDWHV
GRFXPHQWHGDWORZHUHOHYDWLRQV7KHZLGHVSUHDGORVVRI JODFLHUVLFHDQGVQRZRQWKH
PRXQWDLQVRI WURSLFDOWHPSHUDWHDQGSRODUUHJLRQVLVVRPHRI WKHFOHDUHVWHYLGHQFH
ZHKDYHIRUDFKDQJHLQWKHFOLPDWHV\VWHPZKLFKLVWDNLQJSODFHRQDJOREDOVFDOHDWD
UDSLGUDWH/RQJWHUPPHDVXUHPHQWVHULHVLQGLFDWHWKDWWKHUDWHRI PDVVORVVKDVPRUH
WKDQGRXEOHGVLQFHWKHWXUQRI WKHFHQWXU\0HOWLQJPRXQWDLQJODFLHUVDQGVQRZVKDYH
FRQWULEXWHGVLJQLÀFDQWO\WRWKHVHDOHYHOULVHREVHUYHGLQWKHODVWFHQWXU\5HWUHDWRI WKH
JODFLHUVLQWKH(XURSHDQ$OSVKDVEHHQREVHUYHGVLQFHWKHHQGRI WKH¶/LWWOH,FH$JH·
ÀUVWSDUWRI WKHWKFHQWXU\EXWWKHSDFHRI UHWUHDWKDVEHHQPXFKIDVWHUVLQFHWKH
V7KH$OSLQHJODFLHUVKDYHDOUHDG\ORVWPRUHWKDQRI WKHLUPDVV7KRXVDQGV
RI VPDOOJODFLHUVLQWKH+LQGXNXVK+LPDOD\DQ7LEHWDQUHJLRQFRQWLQXHWRGLVLQWHJUDWH
DWKUHDWWR ORFDOFRPPXQLWLHVDQGWKHPDQ\PRUHSHRSOHIDUWKHUDZD\ZKRGHSHQG
RQPRXQWDLQZDWHUUHVRXUFHV5REXVWVFHQDULRFDOFXODWLRQVFOHDUO\LQGLFDWHWKDWPDQ\
PRXQWDLQUDQJHVZRUOGZLGHFRXOGORVHPDMRUSDUWVRI WKHLUJODFLHUVZLWKLQWKHFRPLQJ
GHFDGHV
7KHUHFHQWFKDQJHVREVHUYHGLQJODFLDOEHKDYLRXUDUHGXHWRDFRPSOH[PL[RI FDXV
DOIDFWRUVWKDWLQFOXGHJUHHQKRXVHJDVIRUFLQJWRJHWKHUZLWKODUJHVFDOHHPLVVLRQVRI 
GDUNVRRWSDUWLFOHVDQGGXVWLQ´EURZQFORXGVµDQGWKHDVVRFLDWHGFKDQJHVLQUHJLRQDO
DWPRVSKHULFHQHUJ\DQGPRLVWXUHFRQWHQWDOORI ZKLFKUHVXOWLQVLJQLÀFDQWZDUPLQJDW
KLJKHUDOWLWXGHVQRWOHDVWLQWKH+LPDOD\DV
3$*()DWHRI 0RXQWDLQ*ODFLHUVLQWKH$QWKURSRFHQH
3HUVSHFWLYHRQ3DVW&KDQJHV,QUHVSRQVHWRWKHDUJXPHQWWKDW´VLQFHWKH
(DUWKKDVH[SHULHQFHGDOWHUQDWLQJFROGSHULRGVLFHDJHVRUJODFLDOVDQGZDUPSHULRGV
LQWHUJODFLDOVGXULQJWKHSDVWWRGD\·VFOLPDWHDQGLFHFRYHUFKDQJHVDUHHQWLUHO\QDWXUDO
HYHQWVµZHVWDWH
7KHSULPDU\WULJJHUVIRULFHDJHVDQGLQWHUJODFLDOVDUHZHOOXQGHUVWRRGWREHFKDQJHVLQWKH
DVWURQRPLFDOSDUDPHWHUVUHODWHGWRWKHPRWLRQRI RXUSODQHWZLWKLQWKHVRODUV\VWHPDQG
QDWXUDOIHHGEDFNSURFHVVHVLQWKHFOLPDWHV\VWHP7KHWLPHVFDOHVEHWZHHQWKHVHWULJJHUVDUH
LQWKHUDQJHRI \HDUVRUORQJHU%\FRQWUDVWWKHREVHUYHGKXPDQLQGXFHGFKDQJHV
LQ FDUERQGLR[LGH RWKHU JUHHQKRXVH JDVHVDQG VRRW FRQFHQWUDWLRQVDUH WDNLQJSODFH RQ
\HDUWLPHVFDOHV²DWOHDVWDKXQGUHGWLPHVDVIDVW,WLVSDUWLFXODUO\ZRUU\LQJWKDW
WKLVUHOHDVHRI JOREDOZDUPLQJDJHQWVLVRFFXUULQJGXULQJDQLQWHUJODFLDOSHULRGZKHQWKH
(DUWKZDVDOUHDG\DWDQDWXUDOWHPSHUDWXUHPD[LPXP
7KUHH5HFRPPHQGHG0HDVXUHV+XPDQFDXVHGFKDQJHVLQWKHFRPSRVLWLRQ
RI WKHDLUDQGDLUTXDOLW\UHVXOW LQPRUHWKDQPLOOLRQSUHPDWXUHGHDWKVZRUOGZLGH
HYHU\\HDUDQGWKUHDWHQZDWHUDQGIRRGVHFXULW\³HVSHFLDOO\DPRQJWKRVH´ERWWRP
ELOOLRQµSHRSOHZKRDUHWRRSRRUWRDYDLORI WKHSURWHFWLRQVPDGHSRVVLEOHE\IRVVLO
IXHOXVHDQGLQGXVWULDOL]DWLRQ6LQFHDVXVWDLQDEOHIXWXUHEDVHGRQWKHFRQWLQXHGH[WUDF
WLRQRI FRDORLODQGJDVLQWKH´EXVLQHVVDVXVXDOPRGHµZLOOQRWEHSRVVLEOHEHFDXVH
RI ERWKUHVRXUFHGHSOHWLRQDQGHQYLURQPHQWDOGDPDJHVDVFDXVHGHJE\GDQJHURXV
VHDOHYHOULVHZHXUJHRXUVRFLHWLHVWR
, 5HGXFHZRUOGZLGHFDUERQGLR[LGHHPLVVLRQVZLWKRXWGHOD\XVLQJDOOPHDQV
SRVVLEOH WR PHHW DPELWLRXV LQWHUQDWLRQDO JOREDO ZDUPLQJ WDUJHWV DQG
HQVXUHWKHORQJWHUPVWDELOLW\RI WKHFOLPDWHV\VWHP$OOQDWLRQVPXVWIRFXV
RQDUDSLGWUDQVLWLRQWRUHQHZDEOHHQHUJ\VRXUFHVDQGRWKHUVWUDWHJLHVWRUHGXFH
&2HPLVVLRQV1DWLRQVVKRXOGDOVRDYRLGUHPRYDORI FDUERQVLQNVE\VWRSSLQJ
GHIRUHVWDWLRQDQGVKRXOGVWUHQJWKHQFDUERQVLQNVE\UHIRUHVWDWLRQRI GHJUDGHG
ODQGV7KH\DOVRQHHGWRGHYHORSDQGGHSOR\WHFKQRORJLHVWKDWGUDZGRZQH[FHVV
FDUERQGLR[LGHLQWKHDWPRVSKHUH7KHVHDFWLRQVPXVWEHDFFRPSOLVKHGZLWKLQD
IHZGHFDGHV
$5HSRUWE\WKH:RUNLQJ*URXS&RPPLVVLRQHGE\WKH3RQWLÀFDO$FDGHP\RI 6FLHQFHV3$*(
,, 5HGXFHWKHFRQFHQWUDWLRQVRI ZDUPLQJDLUSROOXWDQWVGDUNVRRWPHWKDQH
ORZHU DWPRVSKHUH R]RQH DQG K\GURÁXRURFDUERQV E\ DVPXFK DV 
WR VORZGRZQFOLPDWHFKDQJHGXULQJ WKLV FHQWXU\ZKLOHSUHYHQWLQJPLOOLRQVRI 
SUHPDWXUHGHDWKVIURPUHVSLUDWRU\GLVHDVHDQGPLOOLRQVRI WRQVRI FURSGDPDJHV
HYHU\\HDU
,,, 3UHSDUHWRDGDSWWRWKHFOLPDWLFFKDQJHVERWKFKURQLFDQGDEUXSWWKDW
VRFLHW\ZLOOEHXQDEOHWRPLWLJDWH,QSDUWLFXODUZHFDOOIRUDJOREDOFDSDFLW\
EXLOGLQJ LQLWLDWLYHWRDVVHVVWKHQDWXUDODQGVRFLDO LPSDFWVRI FOLPDWHFKDQJH LQ
PRXQWDLQV\VWHPVDQGUHODWHGZDWHUVKHGV
7KHFRVWRI WKHWKUHHUHFRPPHQGHGPHDVXUHVSDOHVLQFRPSDULVRQWRWKHSULFH
WKHZRUOGZLOOSD\LI ZHIDLOWRDFWQRZ


3$*()DWHRI 0RXQWDLQ*ODFLHUVLQWKH$QWKURSRFHQH
,,6SHFLÀF)LQGLQJVDQG
5HFRPPHQGDWLRQV
0RXQWDLQJODFLHUVDUHOHWKDOO\YXOQHUDEOHWRRQJRLQJFOLPDWHFKDQJH
$QWKURSRFHQH$1HZ*HRORJLFDO(SRFK
7KHODVWWZRFHQWXULHVKDYHVHHQDQXQSUHFHGHQWHGH[SDQVLRQRI KXPDQSRSXODWLRQ
DQGH[SORLWDWLRQRI (DUWK·VUHVRXUFHV7KLVH[ploitationKDVFDXVHGLQFUHDVLQJO\QHJDWLYH
LPSDFWVRQPDQ\FRPSRQHQWVRI WKH(DUWK6\VWHP³RQWKHDLUZHEUHDWKHWKHZDWHU
ZHGULQNDQGWKHODQGZHLQKDELW+XPDQLW\LVFKDQJLQJWKHFOLPDWHV\VWHPWKURXJK
LWVHPLVVLRQVRI JUHHQKRXVHJDVHVDQGKHDWDEVRUELQJSDUWLFXODWHSROOXWLRQ7RGD\·V
4RUL.DOLVRXWOHWJODFLHUWKHODUJHVWRXWOHWJODFLHUIURPWKH4XHOFFD\D,FH&DSLQWKHVRXWKHUQ
$QGHVRI 3HUX&UHGLW/RQQLH7KRPSVRQ2KLR6WDWH8QLYHUVLW\
$5HSRUWE\WKH:RUNLQJ*URXS&RPPLVVLRQHGE\WKH3RQWLÀFDO$FDGHP\RI 6FLHQFHV3$*(
DWPRVSKHULFFRQFHQWUDWLRQRI FDUERQGLR[LGHWKHSULQFLSDOJUHHQKRXVHJDVH[FHHGV
DOORWKHUPD[LPDREVHUYHGRYHUWKH ODVW\HDUV9DVW WUDQVIRUPDWLRQVRI WKH
ODQGVXUIDFHLQFOXGLQJORVVRI IRUHVWVJUDVVODQGVZHWODQGVDQGRWKHUHFRV\VWHPVDUH
DOVRFDXVLQJFOLPDWHFKDQJH,QUHFRJQLWLRQRI WKHIDFWWKDWKXPDQDFWLYLWLHVDUHSUR
IRXQGO\DOWHULQJWKHVHFRPSRQHQWVRI WKH(DUWK6\VWHP1REHO/DXUHDWH3DXO&UXW]HQ
KDVJLYHQWKHQDPH$17+5232&(1(WRWKHQHZJHRORJLFDOHSRFKZHKDYHFUHDWHGIRU
RXUVHOYHV
$QH[SHUWJURXSRI VFLHQWLVWVPHWXQGHUWKHDXVSLFHVRI WKH3RQWLÀFDO$FDGHP\
RI 6FLHQFHVDWWKH&DVLQD3LR,9LQWKH9DWLFDQIURPWR$SULOWRGLVFXVVWKH
IDWHRI PRXQWDLQJODFLHUVLQWKH$QWKURSRFHQHDQGFRQVLGHUWKHUHVSRQVHVUHTXLUHG
WRVWDELOL]HWKHFOLPDWHFKDQJHDIIHFWLQJWKHP7KLVJURXS·VFRQVHQVXVVWDWHPHQWLVD
ZDUQLQJWRKXPDQLW\DQGDFDOOIRUIDVWDFWLRQ³WRPLWLJDWHJOREDODQGUHJLRQDOZDUP
LQJWRSURWHFWPRXQWDLQJODFLHUVDQGRWKHUYXOQHUDEOHHFRV\VWHPVWRDVVHVVQDWLRQDO
DQGORFDOFOLPDWHULVNVDQGWRSUHSDUHWRDGDSWWRWKRVHFOLPDWHLPSDFWVWKDWFDQQRWEH
PLWLJDWHG7KHJURXSDOVRQRWHVWKDWDQRWKHUPDMRUDQWKURSRJHQLFULVNWRWKHFOLPDWH
V\VWHPLVIURPWKHWKUHDWRI QXFOHDUZDUZKLFKFDQEH OHVVHQHGE\UDSLGDQG ODUJH
UHGXFWLRQVLQJOREDOQXFOHDUDUVHQDOV
7KH(DUWK,V:DUPLQJDQGWKH,PSDFWVRI
&OLPDWH&KDQJH$UH,QFUHDVLQJ
:DUPLQJRI WKH(DUWK LVXQHTXLYRFDO0RVWRI WKHREVHUYHG LQFUHDVH LQJOREDOO\
DYHUDJHGWHPSHUDWXUHVLQFHWKHPLGWKFHQWXU\LV¶YHU\OLNHO\·³GHÀQHGDVPRUHWKDQ
OLNHO\³WREHWKHUHVXOWRI WKHREVHUYHGLQFUHDVHLQDQWKURSRJHQLFJUHHQKRXVH
JDVFRQFHQWUDWLRQV7KLVZDUPLQJLVRFFXUULQJLQVSLWHRI PDVNLQJE\FRROLQJDHURVRO
SDUWLFOHV³PDQ\RI ZKLFKDUHFRHPLWWHGE\&2SURGXFLQJSURFHVVHV
3$*()DWHRI 0RXQWDLQ*ODFLHUVLQWKH$QWKURSRFHQH
6RPHRI WKHFXUUHQWDQGDQWLFLSDWHGLPSDFWVRI FOLPDWHFKDQJHLQFOXGHORVVHVRI 
FRUDOUHHIVIRUHVWVZHWODQGVDQGRWKHUHFRV\VWHPVDUDWHRI VSHFLHVH[WLQFWLRQPDQ\
WLPHVIDVWHUWKDQWKHKLVWRULFDYHUDJHDQGZDWHUDQGIRRGVKRUWDJHVIRUPDQ\YXOQHU
DEOHSHRSOHV,QFUHDVLQJVHDOHYHOULVHDQGVWURQJHUVWRUPVXUJHVWKUHDWHQYXOQHUDEOH
HFRV\VWHPVDQGSHRSOHVHVSHFLDOO\WKRVHLQORZO\LQJLVODQGVDQGFRDVWDOQDWLRQV7KH
ORVVRI PRXQWDLQJODFLHUVGLVFXVVHGKHUHWKUHDWHQVGRZQVWUHDPSRSXODWLRQVHVSHFLDOO\
GXULQJWKHGU\VHDVRQZKHQJODFLDOUXQRII LVPRVWQHHGHG
7KH(DUWK·V*ODFLHUV$UH5HWUHDWLQJ
&DXVHVDQG&RQVHTXHQFHV
7KHZLGHVSUHDGORVVRI LFHDQGVQRZLQWKHZRUOG·VPRXQWDLQJODFLHUVLVVRPHRI 
WKHFOHDUHVWHYLGHQFHZHKDYHIRUJOREDOFKDQJHVLQWKHFOLPDWHV\VWHP7KHSUHVHQW
ORVVHVRI PRXQWDLQJODFLHUVFDXVHPRUHWKDQPPSHU\HDURI VHDOHYHOULVHRUDERXW
RQHWKLUGRI WKHREVHUYHGUDWH,QWKHPRVWUHFHQWSDUWRI WKH$QWKURSRFHQHPXFK
RI WKHUHGXFWLRQRI JODFLHUPDVVDQGOHQJWKLQWURSLFDOWHPSHUDWHDQGSRODUUHJLRQV
UHVXOWVIURPWKHREVHUYHGLQFUHDVHVLQJUHHQKRXVHJDVHVDQGWKHLQFUHDVHVLQVXQOLJKW
DEVRUELQJ SDUWLFOHV VXFK DV VRRW IURP LQHIÀFLHQW FRPEXVWLRQ SURFHVVHV DQG GXVW
IURPODQGFRYHUFKDQJH
$VVKRZQLQWKHUHSRUWRI WKH,QWHUJRYHUQPHQWDO3DQHORQ&OLPDWH&KDQJH
H[WUDSRODWLRQV IURPPDVVFKDQJHVWXGLHVFDUULHGRXWRQDERXWVHOHFWHGJODFLHUV
ZRUOGZLGH LQGLFDWH D SUHVHQW DYHUDJH DQQXDO WKLQQLQJ RI  DERXW  P LQ ZDWHU
HTXLYDOHQW7KHHTXLOLEULXPOLQHEHWZHHQDFFXPXODWLRQDQGDEODWLRQDUHDRI DJODFLHU
KDVVKLIWHGXSZDUGE\VHYHUDOKXQGUHGPHWHUVLQPRVWPRXQWDLQUDQJHVFRPSDUHGWR
WKHPLG²V)RUPDQ\JODFLHUVLQORZHUPRXQWDLQUDQJHVWKHVQRZOLQHDWWKHHQG
RI VXPPHU LVDERYH WKHPD[LPXPDOWLWXGHRI  WKHPRXQWDLQV OHDYLQJ WKHP OHWKDOO\
$5HSRUWE\WKH:RUNLQJ*URXS&RPPLVVLRQHGE\WKH3RQWLÀFDO$FDGHP\RI 6FLHQFHV3$*(
YXOQHUDEOH WR RQJRLQJ FOLPDWH FKDQJH *ODFLHU IUDJPHQWDWLRQ LV RFFXUULQJ LQPRVW
DUHDVOHDYLQJWKHUHVXOWDQWVPDOOHUJODFLHUFORVHUWRGLVDSSHDULQJDOWRJHWKHU
*ODFLHUDUHDVDUHREVHUYHGWREHVKULQNLQJZRUOGZLGHZLWKWKHKLJKHVWUDWHVDWORZHU
HOHYDWLRQV/DUJHJODFLHUV ORVH WKHLU WRQJXHV OHDYLQJXQVWDEOHPRUDLQHVDQG IUDJLOHO\
GDPPHGODNHVEHKLQGVXFKDV,PMD/DNHLQ1HSDO6XFKIUDJLOHGDPVKDYHEHHQVXEMHFW
WRIDLOXUHFDXVLQJRXWEXUVWÁRRGVWKDWUDYDJHWKHDOUHDG\IUDJLOHLQIUDVWUXFWXUHRI SRRU
FRPPXQLWLHVGRZQVWUHDP
,Q:HVWHUQ1RUWK$PHULFDKXPDQGLVWXUEDQFHLVLQFUHDVLQJWKHGXVWORDGIURPWKH
GHVHUWVRI WKH&RORUDGR3ODWHDXDQG*UHDW%DVLQZKLFKGDUNHQVDQGWKXVVKRUWHQVWKH
VQRZVHDVRQLQWKH&RORUDGR5RFN\0RXQWDLQVE\²ZHHNV7KHGXVWSDUWLFOHVDOVR
DGGWRDWPRVSKHULFZDUPLQJE\DEVRUELQJVXQOLJKW(OVHZKHUHWKHZLGHVSUHDG´ EURZQ
FORXGVµRI EODFN FDUERQ IURP LQHIÀFLHQW FRPEXVWLRQ FRXOGKDYH D ODUJH LPSDFW LQ
UHJLRQVVXFKDVWKH+LPDOD\DV:HKDYHYHU\OLPLWHG³DQGLQVRPHFDVHVQR³HQHUJ\
DQG PDVV EDODQFH VWXGLHV WKDW TXDQWLI\ WKH EODFN FDUERQ HIIHFWV RQ VQRZ DQG LFH
LQ VXFK UHPRWHPRXQWDLQ DUHDV 7KH LPSDFWV WKDW ZH GR XQGHUVWDQGZLWK GHWDLOHG
PHDVXUHPHQWVLQWKH:HVWHUQ1RUWK$PHULFDSURYLGHLQVLJKWLQWRWKHVQRZDQGJODFLHU
UHVSRQVHVLQRWKHUVLPLODUO\DIIHFWHGUHJLRQV
7KHDPRXQWVDQG UDWHVRI JODFLHUPDVV ORVVGLIIHUE\ UHJLRQDQGVRDOVRGR WKH
DVVRFLDWHGLPSDFWVRQVHDVRQDOZDWHUDYDLODELOLW\LQFORVHE\YDOOH\VDQGQHLJKERXULQJ
ORZODQGV,QUHJLRQVZLWKGU\DQGZDUPVHDVRQVVXFKDV&HQWUDO$VLDPRXQWDLQVDQG
WKHLUJODFLHUVDQGZLQWHUVQRZVDUHOLNH´ZDWHUWRZHUVµWKDWVWRUHZDWHUIRUPLOOLRQV
RI SHRSOH7KHLUEHKDYLRXUFDQEHGHFHSWLYH*ODFLDOPDVV ORVVFDQFDXVHDQ LQLWLDO
WHPSRUDU\LQFUHDVHLQUXQRII GRZQVWUHDPIURPZDWHUWKDWKDVEHHQVWRUHGIRUDORQJ
WLPHDVKDVEHHQREVHUYHG LQVHYHUDOEDVLQVEXWUXQRII  LQHYLWDEO\GHFUHDVHVDV WKH
SDUHQWJODFLHUVGHFUHDVHIXUWKHU
0RXQWDLQJODFLHUVVHUYHDQRWKHUFULWLFDOIXQFWLRQWKH\SUHVHUYHGHWDLOHGLQIRUPDWLRQ
RQSDVWFOLPDWHDQGWKHDELOLW\RI JODFLHUVWRUHVSRQGWRGLIIHUHQWFOLPDWHYDULDEOHV7KLV
3$*()DWHRI 0RXQWDLQ*ODFLHUVLQWKH$QWKURSRFHQH
PDNHVJODFLHUVSRZHUIXOWRROVIRUXQGHUVWDQGLQJSDVWDQGSUHVHQWFOLPDWHG\QDPLFV
7KHIXOOSRWHQWLDORI PRXQWDLQJODFLHUVDVFOLPDWHUHVHDUFKWRROVLVMXVWEHJLQQLQJWREH
UHDOL]HG7KHDGGLWLRQDOUHVHDUFKQHHGHGWRUHGXFHXQFHUWDLQWLHVGHOLQHDWHJRYHUQLQJ
SURFHVVHV DQGTXDQWLI\ UHJLRQDO LPSDFWVFRXOGKDYHDELJSD\RII ,W LV WLPHZHSD\
PRUHFDUHIXODWWHQWLRQWRPRXQWDLQJODFLHUVEHIRUHWKHLUDUFKLYHVDUHORVWIRUHYHU
$YRLGLQJ´'DQJHURXV$QWKURSRJHQLF,QWHUIHUHQFHµ
5HTXLUHV&OHDUDQG%LQGLQJ&OLPDWH7DUJHWV
7KHJRDORI DFOLPDWHSROLF\LVWRVWDELOL]HJUHHQKRXVHJDVHPLVVLRQVDWDOHYHOWKDW
ZRXOGSUHYHQW´GDQJHURXVDQWKURSRJHQLFLQWHUIHUHQFHZLWKWKHFOLPDWHV\VWHPµDQG
´DOORZHFRV\VWHPVWRDGDSWQDWXUDOO\WRFOLPDWHFKDQJHHQVXUHWKDWIRRGSURGXFWLRQ
LVQRWWKUHDWHQHGDQGHQDEOHHFRQRPLFGHYHORSPHQWWRSURFHHGLQDVXVWDLQDEOHPDQ
QHUµDVODLGGRZQLQ$UWLFOHRI WKH81)UDPHZRUN&RQYHQWLRQRQ&OLPDWH&KDQJH
7KHWHPSHUDWXUHJXDUGUDLOIRUDYRLGLQJ´GDQJHURXVDQWKURSRJHQLFLQWHUIHUHQFHµLV
QRZSURSRVHGWREHDW&ZDUPLQJDERYHWKHSUHLQGXVWULDOOHYHODOWKRXJKPDQ\
VFLHQWLVWVDUJXHDQGPDQ\QDWLRQVDJUHHWKDW&LVDVDIHUXSSHUOLPLW6FLHQWLÀF
SROLWLFDODQGHFRQRPLFFRQVLGHUDWLRQVKDYHFRQWULEXWHGWRWKHLGHQWLÀFDWLRQRI WKLV
WKUHVKROG ZKLFK KDV EHHQ DGRSWHG E\ WKH LQWHUQDWLRQDO FOLPDWH QHJRWLDWLRQV 7KH
(DUWKKDVDOUHDG\ZDUPHGE\&VLQFH$'DQGPLJKWUHDFKVRPH&E\
WKH\HDU$'HYHQ LI  WRGD\·VJUHHQKRXVHJDVFRQFHQWUDWLRQVDUHQRW LQFUHDVHG
IXUWKHUDQGDLUSROOXWLRQLVFXUEHGIRUKXPDQLWDULDQUHDVRQV7KHUHLVDULVNWKDWWKH
ZDUPLQJFDQZHOOH[FHHG&LI HPLVVLRQVRI JUHHQKRXVHJDVHVFRQWLQXHWRLQFUHDVH
DWSUHVHQWUDWHV7KXVH[FHHGLQJWKH&FOLPDWHWDUJHWLVDUHDODQGVHULRXVSRVVLELOLW\
$5HSRUWE\WKH:RUNLQJ*URXS&RPPLVVLRQHGE\WKH3RQWLÀFDO$FDGHP\RI 6FLHQFHV3$*(
5DSLG0LWLJDWLRQ,V5HTXLUHG,I:DUPLQJDQG
$VVRFLDWHG,PSDFWV$UHWR%H/LPLWHG
8QGHUVWDQGLQJ WKHFDXVHVRI FOLPDWHFKDQJHDVZHOODV LWVFXUUHQWDQGSURMHFWHG
LPSDFWV SUHVHQWV VRFLHW\ WKH RSSRUWXQLW\ WR DYRLG XQPDQDJHDEOH LPSDFWV WKURXJK
PLWLJDWLRQDQGWRPDQDJHXQDYRLGDEOH LPSDFWVWKURXJKDGDSWDWLRQ7KHWLPHWRDFW
LVQRZLI VRFLHW\LVWRKDYHDUHDVRQDEOHFKDQFHRI VWD\LQJEHORZWKH&JXDUGUDLO
3RVVLEOHPLWLJDWLRQ E\ UHGXFLQJ FDUERQ GLR[LGH HPLVVLRQV DQG H[SDQVLRQ
RI FDUERQVLQNV&2LVWKHODUJHVWVLQJOHFRQWULEXWRUWRJUHHQKRXVHZDUPLQJ:KLOH
PRUHWKDQKDOI RI &2 LVDEVRUEHGE\RFHDQDQGWHUUHVWULDOVLQNVZLWKLQDFHQWXU\
DSSUR[LPDWHO\UHPDLQVLQWKHDWPRVSKHUHWRFDXVHZDUPLQJIRUPLOOHQQLD(YHU\
HIIRUWPXVWEHPDGHWRFXW&2GLUHFWHPLVVLRQVIURPIRVVLOIXHOEXUQLQJFXWLQGLUHFW
HPLVVLRQVE\ DYRLGLQJGHIRUHVWDWLRQ DQGH[SDQG IRUHVWV DQGRWKHU VLQNV DV IDVW DV
SRVVLEOHWRDYRLGWKHSURIRXQGO\ORQJZDUPLQJDQGDVVRFLDWHGHIIHFWVWKDW&2FDXVHV
3RVVLEOHPLWLJDWLRQE\UHGXFLQJWKHHPLVVLRQRI QRQ&2VKRUWOLYHGGULYHUV
7KHVHFRQGSDUWRI DQLQWHJUDWHGPLWLJDWLRQVWUDWHJ\LVWRFXWWKHFOLPDWHIRUFHUVWKDW
KDYHVKRUWDWPRVSKHULFOLIHWLPHV7KHVHLQFOXGHEODFNFDUERQVRRWWURSRVSKHULFR]RQH
DQGLWVSUHFXUVRUPHWKDQHDQGK\GURÁXRURFDUERQV+)&V%ODFNFDUERQ%&DQG
WURSRVSKHULFR]RQHVWURQJO\ LPSDFWUHJLRQDODVZHOODVJOREDOZDUPLQJ&XWWLQJWKH
VKRUWOLYHGFOLPDWHIRUFHUVXVLQJH[LVWLQJWHFKQRORJLHVFDQUHGXFHWKHUDWHRI JOREDO
ZDUPLQJVLJQLÀFDQWO\E\WKHODWWHUKDOI RI WKLVFHQWXU\DQGWKHUDWHRI $UFWLFZDUPLQJ
E\WZRWKLUGVSURYLGHG&2LVDOVRFXW
5HGXFLQJ ORFDO DLU SROOXWDQWV FDQ VDYH DERXW  PLOOLRQ OLYHV HDFK \HDU LQFUHDVH
FURSSURGXFWLYLW\DQGUHSDLUWKHDELOLW\RI SODQWVWRVHTXHVWHUFDUERQ%ODFNFDUERQ
PDQDJHPHQWVKRXOGEHSDUWRI DQLQWHJUDWHGDHURVROPDQDJHPHQWVWUDWHJ\WRHQVXUH
WKDW%&ZDUPLQJ LVFXWIDVWHUWKDQWKHFRROLQJIURPRWKHUDHURVROV,QPDQ\DUHDV
WKHUH LV D UHDO SRWHQWLDO WR UHGXFH WKH%& DQG GXVW ORDGLQJ WKDW DFFHOHUDWHV JODFLHU
3$*()DWHRI 0RXQWDLQ*ODFLHUVLQWKH$QWKURSRFHQH
DQGVQRZPHOWE\UHGXFLQJ%&HPLVVLRQVIURPWUDGLWLRQDOFRRNVWRYHVE\UHSODFLQJ
WKHPZLWKHQHUJ\HIÀFLHQWDQG OHVVSROOXWLQJFRRNVWRYHV WUDSSLQJ%&IURPGLHVHO
FRPEXVWLRQZLWKÀOWHUVDQGUHVWDELOLVLQJGHVHUWVXUIDFHVDQGRWKHUVRLOVWRUHGXFHWKHLU
GXVWHPLVVLRQV
+)&VDUHV\QWKHWLFJDVHVDQGDUHWKHIDVWHVWJURZLQJFOLPDWHIRUFHULQPDQ\FRXQ
WULHV7KHSURGXFWLRQDQGXVHRI +)&VFDQEHSKDVHGGRZQXQGHUWKH0RQWUHDO3UR
WRFRO RQ 6XEVWDQFHV WKDW'HSOHWH WKH2]RQH /D\HUZKLOH OHDYLQJ WKH GRZQVWUHDP
HPLVVLRQVRI +)&VLQWKH.\RWR3URWRFRO7KLVZRXOGSURYLGHWKHHTXLYDOHQWRI 
JLJDWRQQHVRI &2LQPLWLJDWLRQE\RUHDUOLHU7KH0RQWUHDO3URWRFROLVZLGHO\
FRQVLGHUHGWKHZRUOG·VEHVWHQYLURQPHQWDO WUHDW\ LWKDVDOUHDG\SKDVHGRXWRI 
QHDUO\FKHPLFDOVWKDWDUHVLPLODUWR+)&VIRUDQHWRI JLJDWRQQHVRI FOLPDWH
PLWLJDWLRQEHWZHHQDQG
,QVXPDLUSROOXWLRQDQGFOLPDWHFKDQJHSROLFLHVDUHVWLOOWUHDWHGDVLI WKH\ZHUHWZR
VHSDUDWHSUREOHPVZKHQWKH\DFWXDOO\UHSUHVHQWWKHVDPHVFRXUJH(PLVVLRQVRXUF
HVIRUDLUSROOXWDQWVDQGJUHHQKRXVHJDVHVFRLQFLGHDQGDFRPELQHGSROLF\VWUDWHJ\
UHGXFHVWKHFRVWRI FRXQWHUDFWLQJERWKWKHVHWKUHDWVWRKXPDQKHDOWKDQGWKHZHOO
EHLQJRI VRFLHW\7KHVHPLWLJDWLRQVWUDWHJLHVPXVWEHSXUVXHGVLPXOWDQHRXVO\DQGDV
DJJUHVVLYHO\DV WKHGLFWDWHVRI VFLHQFHGHPDQG7RJHWKHU WKH\KDYH WKHSRWHQWLDO WR
UHVWRUH WKH FOLPDWH V\VWHP WR D VDIH OHYHO DQG UHGXFH FOLPDWH LQMXVWLFH%XW WLPH LV
VKRUW:DUPLQJ DQG DVVRFLDWHG HIIHFWV LQ WKH(DUWK 6\VWHP FDXVHG E\ WKH FXPXOD
WLYH&2HPLVVLRQV WKDW UHPDLQ LQ WKH DWPRVSKHUH IRUPLOOHQQLDPD\ VRRQEHFRPH
XQPDQDJHDEOH
$5HSRUWE\WKH:RUNLQJ*URXS&RPPLVVLRQHGE\WKH3RQWLÀFDO$FDGHP\RI 6FLHQFHV3$*(
$GDSWDWLRQ0XVW%HJLQ1RZ
%HFDXVHRI WKHWLPHODJEHWZHHQPLWLJDWLRQDFWLRQDQGFOLPDWHUHVSRQVHYXOQHUDEOH
HFRV\VWHPVDQGSRSXODWLRQVZLOO IDFHVLJQLÀFDQWFOLPDWH LPSDFWVDQGSRVVLEO\XQDF
FHSWDEOH ULVNV HYHQZLWK XOWLPDWHO\ VXFFHVVIXOPLWLJDWLRQ 7KHUHIRUH LQ DGGLWLRQ WR
PLWLJDWLRQDGDSWDWLRQPXVWDOVRVWDUWQRZDQGEHSXUVXHGDJJUHVVLYHO\
:H FDQQRW DGDSW WR FKDQJHV ZH FDQQRW XQGHUVWDQG $GDSWDWLRQ VWDUWV ZLWK
DVVHVVPHQW$QLQWHUQDWLRQDO LQLWLDWLYHWRREVHUYHDQGPRGHOPRXQWDLQV\VWHPVDQG
WKHLU ZDWHUVKHGV ZLWK KLJK VSDWLDO UHVROXWLRQ UHDOLVWLF WRSRJUDSK\ DQG SURFHVVHV
DSSURSULDWH WR KLJK DOWLWXGHV LV D SUHUHTXLVLWH WR VWUHQJWKHQLQJ UHJLRQDO DQG ORFDO
FDSDFLWLHVWRDVVHVVWKHQDWXUDODQGVRFLDOLPSDFWVRI FOLPDWHFKDQJH
*ODFLHU0HDVXUHPHQWV1HHGWR%H
([SDQGHGDQG,PSURYHG
:H QHHG WR FKDUDFWHUL]H WKH FULWLFDO FOLPDWH DQG UDGLDWLYH IRUFLQJV RQPRXQWDLQ
JODFLHUV DQG WKHLU FRUUHVSRQGLQJ UHVSRQVHV WKDW DUHQRW\HW VXIÀFLHQWO\XQGHUVWRRG
$PRQJWKHVHZHPXVWLPSURYHRXUXQGHUVWDQGLQJRI WKHUHJLRQDOGLIIHUHQFHVLQJODFLDO
UHVSRQVHDURXQGWKHJOREHLQWHUPVRI WKHUHJLRQDOFKDQJHVLQFOLPDWHDQGLQDEVRUE
LQJLPSXULWLHV2XUREVHUYDWLRQVRI WKHJODFLHUYROXPHVSUHFLSLWDWLRQDQGUHVSHFWLYH
FKDQJHVLQPRXQWDLQFDWFKPHQWVDUHVHYHUHO\OLPLWHG7KLVOLPLWVRXUDELOLW\WRFUHDWH
VFHQDULRVRI IXWXUHUXQRII2XUFOLPDWHPRGHOVFDQQRWUHVROYHWKHURXJKWHUUDLQRI 
PRXQWDLQRXVUHJLRQVDQGWKHUHIRUHSRRUO\UHSUHVHQWSUHFLSLWDWLRQWHPSHUDWXUHYDULD
WLRQVDQGFDSWXUHRI DHURVROORDGLQJ/LNHZLVHRXUPRGHOLQJDQGPRQLWRULQJRI WKH
FRQQHFWLRQVEHWZHHQWKHFKDQJHVLQDQXSVWUHDPJODFLHULVHGZDWHUFDWFKPHQWWRZDWHU
UHVRXUFHVDWWKHGRZQVWUHDPEDVLQVFDOHDUHDWWKHLQLWLDOVWDJHV
3$*()DWHRI 0RXQWDLQ*ODFLHUVLQWKH$QWKURSRFHQH
7KHUHPRWHQHVVDQGGDQJHURXVQDWXUHRI ZRUNDERYHPLVRQHUHDVRQZK\ZH
KDYHIHZGHWDLOHGPHDVXUHPHQWVRWKHUWKDQRI JODFLHUOHQJWKDQGVL]HLQKLJKPRXQ
WDLQV\VWHPVOLNHWKH+LPDOD\DVDQG$QGHV&XUUHQWUHPRWHVHQVLQJWHFKQRORJLHVFDQ
GHWHFWFKDQJHVLQJODFLHUDQGVQRZH[WHQWEXWGRQRWTXDQWLI\UHODWLYHIRUFLQJVRUSUR
YLGHLPSRUWDQWVQRZDQGLFHSURSHUWLHVVXFKDVJUDLQVL]HORFDOLPSXULWLHVDQGVXUIDFH
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